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(57) ABSTRACT

A voltage protection circuit for a semiconductor test system
has reduced number of components and functions as an
excessive voltage clamp circuit and an abnormal voltage
detection circuit. The voltage protection circuit includes a
switch for selecting a reference voltage out of a predeter-
mined clamp voltage and a predetermined abnormal thresh-
old voltage, a clamp diode connected to an output of a device
under test (DUT) to open or close the output of the DUT, a
buffer amplifier for providing the selected reference voltage
to the clamp diode, a resister series connected between an
output of the buffer amplifier and the clamp diode for
detecting an abnormal voltage 1n the output of the DUT, and
a comparator for comparing the reference voltage and an
output voltage of the DUT through the diode and generating
a detection signal when the output of the DUT exceeds the
reference voltage.

10 Claims, 3 Drawing Sheets
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YOLTAGE PROTECTION CIRCUIT FOR
SEMICONDUCTOR TEST SYSTEM

FIELD OF THE INVENTION

This 1nvention relates to a voltage protection circuit for a
semiconductor test system, and more particularly, to a
voltage protection circuit for a semiconductor test system
which functions both as an excessive voltage clamp detec-
fion circuit and an abnormal voltage detection circuit with
small number of components and low cost.

BACKGROUND OF THE INVENTION

In testing a semiconductor 1ntegrated circuit device by a
semiconductor test system, the semiconductor IC device to
be tested (device under test or DUT) 1s provided with test
signals and the resultant output signals of the device under
test are compared with expected value signals prepared in
advance to determine whether the intended functions of the
device under test 1s performed correctly.

Such a test signal 1s supplied to each pin of the device
under test from a driver circuit via a transmission cable. The
driver circuit functions as a buffer amplifier whereby pro-
viding a predetermined amplitude to the test signal. The
resultant output signal of the device under test 1s compared
with the expected value by a comparator. A large number of
sets of driver circuits and comparators are assembled 1n a pin
clectronics unit 1n the semiconductor test system. To protect
both the driver circuit and comparator as well as the device
under test from excessive voltages caused by various factors,
a voltage protection circuit 1s usually provided in connection
with the driver circuit and comparator.

An example of conventional circuit diagram of a voltage
protection circuit 1n a semiconductor test system 1s shown in
FIG. 2. This example shows that the protection circuit 1s
employed at the connection point between the comparator
and the transmission cable (output of DUT). In this example,
the protection circuit functions as both an excessive voltage
clamp circuit and an abnormal voltage detection circuit. The

operation of the circuit arrangement of FIG. 2 1s explained
with reference to FIGS. 2-85.

In the conventional example of FIG. 2, the main portion
of the excessive voltage clamp circuit and the abnormal
voltage detection circuit includes diodes D1-DS8, bufler
amplifiers OP1-OP4, comparators CP1 and CP2, and
switches SW1, SW4 and SWS. A comparator 90 1s provided
to compare the output signal of the DUT which 1s resulted
from a test signal provided to the DUT through a driver (not
shown). Similar protection circuit can be arranged at the
output of the driver circuit.

The excessive voltage clamp circuit clamps an excessive
voltage 1n the output voltage of the DUT. The abnormal
voltage detection circuit detects an abnormal voltage which
1s larger than the excessive voltage and opens the switch
SW1 to disconnect the comparator 90 from the DUT.

First, the operation of the excessive voltage clamp circuit
1s explained. The excessive voltage clamp circuit comprises

the diodes D3, D4, D7 and D8, the butfer amplifiers OP1 and
OP2, and switches SW1, SW4 and SWS.

The switch SW1 remains closed (ON) when the clamping
operation 1s performed. Also, the switches SW4 and SWS
remain closed (ON) when clamping operation on the output
voltage from the DUT 1s performed.

The operation of the clamp circuit 1s explained with
reference to a simplified circuit diagram of FIG. 3. In FIG.
3, only fundamental components are shown while omitting,
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the buifer amplifiers OP1 and OP2 and diodes D3 and D4
therefrom for simplicity of explanation. The switches SW4,
SW35 are turned on when the clamping operation 1s carried
out and are turned off when the clamping operation for the
output voltage of the DUT 1s not performed.

Thus, in FIG. 3, the excess voltage clamp circuit 1s
basically configured by the switches SW4 and SW3 and the

diodes D7 and D8. The connection point of the diodes D7
and D8 1s commonly connected to the input of the com-
parator 90 which receives the output signal of the DUT
through the transmission cable 200. Clamp voltages VH and
VL 1 FIG. 2 are set to define the high level clamp voltage
and the low level clamp voltage, respectively.

FIG. 4(a) shows an example of a voltage waveform when
the output of the DUT through the transmission cable 200 1s
not clamped. As noted above, generally, a device under test
(DUT) has a plurality of terminal pins, and each terminal pin
1s connected to the pin electronics unit having a comparator
and a driver circuit, etc., through a corresponding transmis-

sion cable 200.

The transmission line 200 1s so structured to have a
characteristic (transmission) impedance, which is for
example, 50 ohms. The impedance of the transmission cable
1s designed to match with the impedance of the terminal pin
of the DUT to achieve an accurate test result 1n a high
frequency range. However, a semiconductor test system
needs to test various types of DUTs, and thus, the output
impedance at a terminal pin of a DUT does not necessarily
match with the impedance of the transmission cable.

For example, when the output impedance of the DUT 1s
smaller than the impedance of the load (input of the com-
parator 90), a reflection waveform is superimposed on the
transmission signal as shown in FIG. 4(a). In such a case, the
testing on the DUT cannot be properly performed because
the output voltage of the DUT received by the comparator 90
may exceed the voltage limit of the comparator 90 or include
incorrect representation of the actual DUT output signal,
thereby causing a breakdown or resulting in a measurement
error 1n the test result.

Therefore, a semiconductor test system includes a voltage
protection circuit such as shown in FIG. 2 to limit the output
voltage of the DUT by establishing an upper clamp voltage
and a lower clamp voltage. For example, when a DUT 1s a
TTL IC, an upper clamp voltage VH of 5V and a lower
clamp voltage VL of 0OV for low voltage VL will be
established 1 the excess voltage clamp circuit.

In FIG. 3, assuming a forward bias voltage of each of the
diodes D7 and D8 1s VI. As 1s well known 1n the art, such
a forward bias voltage of a silicon diode 1s 0.7V. Thus, 1n the
case where the clamp voltages VH and VL are 5V and 0V,
for example, the diode D8 turns on when the output of the
DUT becomes higher than 5V+V1. Consequently, the volt-
age at the mput of the comparator 90 1s limited to the voltage
level of 5V+V1 by flowing a current from the DUT to the
clamp voltage VH through the diode D8. Conversely, the
diode D7 turns on when the output of the DUT becomes
lower than O0V-VI1, thereby limiting the 1nput voltage of the
comparator 90 to the voltage level of 0V-V1 while allowing
the current flow from the clamp voltage VL to the DUT. As
a result, the output voltage of the DUT 1s clamped to limit
the excessive voltage as shown by the voltage waveform of
FIG. 4(b).

In the basic operation involved in the configuration of
FIG. 3, there arises a potential difference of VI in the
actually clamped voltage from the intended clamp voltage
VH or VL because of the forward bias voltage of the diodes
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D7 and DS8. In order to avoid the effect of the forward bias
voltage VI 1n the foregoing, the protection circuit of FIG. 2
1s designed to compensate the voltage difference by cancel-
ing the bias Voltage V1 of each of the diodes D7 and DS.
Such a function 1s performed by using a set of a buifer

amplifier OP1 and a diode D3 and a set of a buffer amplifier
OP2 and a diode D4. Each of the buffer amplifiers OP1 and

OP2 functions as a voltage follower.

A constant current source A3 provides a bias current to the
diode D3 to produce a forward bias voltage VT in the diode
D3. Similarly, a constant current source A4 provides a bias
current to the diode D4 to produce a forward bias voltage VI
in the diode D4. Under this arrangement, the voltage at the
anode of the diode D7 becomes VL+VT and the cathode of
the diode D8 becomes VH-VT. Hence, the actually clamped
voltage 1n the output of the DUT 1s equal to the upper clamp
voltage VH or the lower clamp voltage VL.

Although not shown 1n FIG. 2, the buffer amplifiers OP1
and OP2 are provided with current limit circuits to protect
themselves. The clamp circuit will not perform the clamping
operation 1f the current through the diode and the buifer
amplifier exceeds the range specified by the current limat
circuit. In a case where an actual output waveform of the
DUT 1s desired to be observed, the switches SW4 and SWS3
are turned off to remove the clamping operation from the
output voltage of the DUT.

The operation of the abnormal voltage detection circuit 1s
explained 1n the following. In the example of FIG. 2, the
abnormal voltage detection circuit comprises diodes D1, D2,
D3 and D6 and buffer amplifiers OP3 and OP4, switch SW1,
resistors R1 and R2, and comparators CP1 and CP2.

When the output voltage of the DUT becomes an abnor-
mal voltage, an abnormal detection signal Vs is output,
which turns off the switch SWI1. The operation of the
abnormal voltage detection circuit 1s explained with refer-
ence to a simplified structure of FIG. 5. The circuit diagram
of FIG. 5 shows only the main components of the detection
circuit by omitting the buffers amplifiers OP3 and OP4, the
diodes D5 and D6 from the abnormal voltage detection
circuit in FIG. 2. Thus, the basic circuit diagram of FIG. 5§
shows the comparators CP1 and CP2, the resistors R1 and
R2, the current sources Al and A2, the diodes D1 and D2,
and the switch SW1.

In FIG. 5, the output voltage of the DUT 1s represented by
Vo, and the voltage values are set for a higher abnormal
threshold voltage VHH and for a lower abnormal threshold
voltage VLL, respectively. For example, 1n order to protect
the components 1n the semiconductor test system such as

comparators and driver circuits, the higher abnormal thresh-
old voltage VHH 1s set to 8V and the lower abnormal
threshold voltage VLL 1s set to =3V.

As to the comparators CP1 and CP2, to establish a voltage
difference between two nputs of each comparator, the
resisters R1 and R2 are provided between the corresponding
two 1mput terminals. By supplying the constant current from
the constant current sources Al or A2 to the resisters R1 or
R2, the voltage difference (reverse bias) i1s created between
the two 1nput terminals of each comparator. Such an mten-
tional voltage difference (reverse bias) promotes stability of
operation 1n the comparator. This 1s because 1f a voltage
difference between the two input terminals 1s very small,
such as zero volt, the comparator may respond to small
noise, resulting in the instability of operation.

As noted above, the forward bias voltage of each of the
diodes D1 and D2 1s VI. If the output voltage Vo of the DUT
exceeds 8V+Vi, the diode D2 turns on and a current flows
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from the DUT to the threshold voltage VHH through the
diode D2 and the resister R2. When the current flowing
through the resister R2 and the resultant voltage drop across
the resister R2 exceeds the reverse bias, the comparator CP2
1s activated to produce an abnormal detection signal Vs. The
switch SW1 1s then turned off 1n response to the abnormal
detection signal Vs.

Similarly, 1f the output voltage Vo of the DUT 1s lower
than —3V-VH1, the diode D1 turns on and current flows from
the threshold voltage VLL to the DUT through the resistor
R1 and the diode D1. Thus, when the current flowing to the
resister R1 exceeds the constant current, the polarity of the
voltage across resister R1 1s reversed, and the comparator
CP1 1s activated to produce an abnormal detection signal Vs.
The switch SW1 1s then turned off 1n response to the
abnormal detection signal Vs to separate the DUT from the
semiconductor test system.

As described 1n the foregoing, even when an abnormal
voltage 1s generated 1n either the high voltage side or the low
voltage side due to the abnormality of the DUT, for example,
the semiconductor test system 1s protected by isolating the
output of DUT from the semiconductor test system by means
of the switch SW1 using the abnormal voltage detection
circuit.

In the more detailed circuit diagram of FIG. 2, the

abnormal voltage detection circuit further includes the buffer
amplifiers OP3 and OP4, and the diodes DS and D6. Each of

the buffer amplifiers OP3 and OP4 function as a voltage
follower.

A constant current source AS provides a bias current to the
diode D3 to produce a forward bias voltage VI across the
diode DS. Similarly, a constant current source A6 provides
a bias current to the diode D6 to produce a forward bias
voltage VI 1n the diode D6. Under this arrangement, the
voltage at the anode of the diode D1 becomes VLL+VT and
the cathode of the diode D2 becomes VHH-VI. Under this
arrangement, the diode forward bias voltage VI 1s canceled
so that the actually detected output voltage of the DUT
becomes equal to the upper threshold voltage VHH or the
lower threshold voltage VLL.

In the arrangement of FIG. 2, when the switches SW4 and
SW3 are turned on, both the abnormal voltage detection
circuit and the clamp circuit are 1n simultaneously operation.
However, as explained 1n the foregoing, the current limiting
circuits (not shown) are provided to the buffer amplifiers
OP1 and OP2 in the excess voltage clamp circuit, and the
clamp circuit will not operate when the voltage exceeds the
limiting range. Thus, 1n such a situation, only the abnormal
voltage detection circuit operates.

As explained 1n the foregoing, in the conventional voltage
protection circuit, although the circuitry and operation are
similar between the excessive voltage clamp circuit and
abnormal voltage detection circuit, they are constructed
independently. Thus, the number of circuit components 1s
relatively large, resulting 1n high cost and a large circuit size.
Therefore, there 1s a need to realize a more cost effective
protection circuit with less cost and circuit size.

SUMMARY OF THE INVENTION

Therefore, 1t 1s an object of the present mvention to
provide a voltage protection circuit for a semiconductor test
system which 1s capable of functioning both as an excess

voltage clamp circuit and an abnormal voltage detection
circuit with a reduced number of circuit components.

It 1s another object of the present mvention to provide a
voltage protection circuit for a semiconductor test system
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which 1s capable of functioning both as an excess voltage
clamp circuit and an abnormal voltage detection circuit with
a decreased circuit size and low cost.

In the voltage protection circuit of the present mnvention,
circuit components are commonly used in different functions
so that the overall circuit components are reduced from the
conventional example.

The voltage protection circuit for a semiconductor test
system 1ncludes a switch for selecting a reference voltage
out of a predetermined clamp voltage and a predetermined
abnormal threshold voltage, a clamp diode connected to an
output of a device under test (DUT) to open or close the
output of the DUT, a buffer amplifier for providing the
selected reference voltage to the clamp diode, a resister
serics connected between an output of the bufler amplifier
and the clamp diode for detecting an abnormal voltage 1n the
output of the DUT, and a comparator for comparing the
reference voltage and an output voltage of the DUT through
the diode and generating a detection signal when the output
of the DUT exceeds the reference voltage.

According to the present invention shown in FIG. 1, the
number of circuit components and circuit size are substan-
fially decreased by eliminating two builer amplifiers and two
diodes from the conventional example of FIG. 2.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram showing an essential part of the
voltage protection circuit of the present invention for a
semiconductor test system which functions as an excessive
voltage clamp circuit and an abnormal voltage detection
circuit.

FIG. 2 1s a circuit diagram showing an essential part of the
voltage protection circuit 1n the conventional technology for
a semiconductor test system which functions as an excessive
voltage clamp circuit and an abnormal voltage detection
circuit.

FIG. 3 1s a circuit diagram showing a basic structure of the
excessive voltage clamp circuit 1n the conventional technol-
ogy 1n the protection circuit of FIG. 2.

FIG. 4(a) is a timing chart showing an output waveform
of the DUT, and

FIG. 4(b) is a timing chart showing an clamped output
wavelorm of the DUT when the clamp circuit of FIG. 3 1s
In operation.

FIG. 5 1s a circuit diagram showing a basic structure of the
abnormal voltage detection circuit 1in the conventional tech-
nology 1n the protection circuit of FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The configuration and operation of the embodiment of the
present invention 1s explained with reference to FIG. 1. The
voltage protection circuit of FIG. 1 1s to be used m a
semiconductor test system and functions both as an exces-
sive clamp circuit and an abnormal voltage detection circuit.

The voltage protection circuit includes diodes D1-D6,
buffer amplifiers OP1 and OP2, comparators CP1 and CP2,

switches SW1-SW3, resistors R1 and R2, and current
sources A30, A40, A50 and A60.

The voltage protection circuit clamps the output voltage
of a device under test (DUT) when the voltage exceeds the
predetermined clamp voltage. The voltage protection circuit
also detects and generates a detection signal when the output
voltage of the DUT exceeds the predetermined threshold
voltage so that the switch SW1 1s turned off to 1solate the
DUT from the semiconductor test system.
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First, the excessive voltage clamp circuit 1s explained 1n
the following. The excessive voltage clamp circuit com-

prises the diodes D1, D2, D3 and D4, the buffer amplifiers
OP1 and OP2, switches SW1, SW2 and SW3, the resistors
R1 and R2, and the current sources A30 and A40. The switch
SW1 is for separating the abnormal voltage from the test
system, and remains closed during the clamping operation.

The resisters R1 and R2 are for abnormal voltage
detection, and have small resistance of, for example, about
10 ohms. When the clamp circuit operates to detect an
excessive voltage of the DUT output, the switches SW2 and
SW3 are set to the side-b so as to receive the predetermined
upper and lower clamp voltages VH and VL.

The butfer amplifiers OP1 and OP2 are voltage followers.
The diode D3 1s to compensate for a forward bias voltage VI
of the diode D1, and the diode D4 1s to compensate for a
forward bias voltage of the diode D2. The constant current
source A30 provides a bias current, such as 500 uA, to the
diode D3 to obtain the predetermined forward voltage bias
V130. Similarly, the constant current source A4 provides a
bias current, such as 500 uA, to the diode D4 to obtain the
predetermined forward voltage bias VIi40.

Normally, the forward bias voltage VI30 by the diode D3
and the forward bias voltage VI by the diode D1 are equal
to one another such as 0.7V 1n silicon diodes. Similarly, the
forward bias voltage Vi40 by the diode D4 and the forward
bias voltage VI by the diode D2 are substantially identical.
Therefore, when the upper clamp voltage VH and the lower
clamp voltage VL are set, an output voltage of the builer
amplifier OP1 becomes VL+VT and an output voltage of the
buffer amplifier OP2 becomes VH-VI, respectively. Thus,
the actually clamped voltage in the output voltage of Vo of
the DUT 1s almost equal to the predetermined upper clamp
voltage VH or lower clamp voltage VL.

However, a small voltage difference between the prede-
termined clamp voltage VH or VL and an actual voltage may
arise because of the voltage drop across R1 or R2 provided
for detecting an abnormal voltage. In the case where com-
pensation for this voltage difference i1s necessary, such a
voltage difference can be canceled out by various means of
the software or hardware in the test system.

In the foregoing explanation, when the DUT 1s a TTL IC,
for example, the upper clamp voltage VH of 5V and the
lower clamp voltage VL of 0V for low voltage VL may be
set 1n the excess voltage clamp circuit in FIG. 1. The diode
D2 turns on when the output voltage of the DUT becomes
higher than 5V. Consequently, the voltage at the input of the
comparator 90 (FIG. 2) 1s limited to the voltage level of 5V
by flowing a current from the DUT to the clamp voltage VH
through the diode D2. Stmilarly, the diode D1 turns on when
the output of the DUT becomes lower than 0V, the output
voltage of the DUT 1s limited to the voltage level of OV

while allowing the current flow from the clamp voltage VL
to the DUT.

FIG. 4(a) shows the output voltage waveform of the DUT
when the excessive voltage clamp circuit 1s not used. As
described 1n the foregoing, the excess voltage clamp circuit
performs in the manner shown in the waveform of FIG. 4(b)
where the output voltage of the DUT 1s clamped by the
predetermined clamp voltage VH or VL without being
affected by the diode forward bias voltage.

The operation of the abnormal voltage detection circuit 1s
explained in the following. The abnormal voltage detection
circuit 1s configured by adding the diodes DS and D6, the
comparators CP1 and CP2, and the current sources A50 and
A60 to the excess voltage clamp circuit described above.
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The diodes DS and D6 and the current sources AS0 and A60
primarily serve as means for compensating the forward bias
voltage of the diodes D1 and D2.

For detecting the abnormal voltage level 1n the output
voltage Vo of the DUT, abnormal detection voltages VHH
and VLL are set as a higher abnormal threshold voltage and
a low abnormal threshold voltage, respectively. For
example, the upper abnormal threshold voltage VHH 1s set

to 8V and the lower abnormal threshold voltage VLL 1s set
to -3V.

First, the operation of abnormal voltage detection circuit
1s explaimned when the switches SW2 and SW3 are in the
side-b and thus the excessive voltage clamp circuit 1s 1n
operation. Although not shown 1n FIG. 1, the clamp circuit
has a current limiting circuit to protect buffer amplifiers OP1
and OP2. Thus, although the clamping operation 1s per-
formed on the excessive voltage as long as the current
flowing through the buffer amplifier 1s within the specified
range. However, the clamping operation 1s not performed on
the excessive voltage that causes the current through the
buffer amplifier which exceeds the specified range.

When the excessive voltage causing the current to exceed
the speciiied range noted above 1s applied, the impedance of
the clamp circuit increases, because the current 1s limited in
the buffer amplifier, and the clamping operation 1s no longer
carried out. Thus, the voltage Vo+V1 at the non-inverting
terminal of the comparator CP1 changes.

The constant current source AS0 provides a predeter-
mined bias current to diode DS, producing a forward bias
voltage VI50. Thus, the voltage at the mverting input
terminal of the comparator CP1 1s a sum of the lower
abnormal threshold voltage VLL and the forward bias volt-
age VIS0 of the diode D3, 1., VLL+VI50. Consequently,
when the voltage Vo+ VT at the non-inverting input terminal
falls below the voltage VLL+V150 at the mverting input
terminal, the comparator CP1 outputs an abnormal voltage
detection signal Vs.

The constant current source A60 provides predetermined
bias current to diode 6, producing a forward bias voltage
V160. Thus, the voltage at the non-inverting terminal of the

comparator CP2 1s a difference between the higher abnormal
threshold voltage VHH and the forward bias voltage V160 of

the diode D6, 1., VHH-V160. Consequently, when the
voltage Vo+VT at the mverting terminal exceeds the voltage
VHH-V160 at the non-inverting terminal, the comparator
CP2 outputs an abnormal voltage detection signal Vs.

Thus, for example, when the output voltage Vo of the
DUT exceeds the upper threshold voltage such as 8V, the
comparator CP2 outputs the abnormal voltage detection
signal Vs. Similarly, when the output voltage Vo of the DUT
exceeds the lower threshold voltage such as -3V, the com-
parator CP1 outputs the abnormal voltage detection signal
Vs. Based on the detection signal Vs, the switch SW1 1s
opened to 1solate the DUT from the test system.

Next, the operation of the abnormal voltage detection
circuit 1s explained wherein the switches SW2 and SW3 are
on the side-a and thus the excessive voltage clamp circuit 1s
not 1n operation. The operation of the buffer amplifiers OP1
and OP2 i1s basically the same as that m the excessive
voltage clamp circuit except the predetermined clamp volt-
ages VH and VL are replaced with the predetermined
threshold voltages VHH and VLL, respectively.

Suppose the output voltage Vo of the DUT 1s excessive so
that the diode D1 turns on, the voltage Vo+ VT 1s provided to
the non-inverting input terminal of the comparator CP1. The
voltage at the inverting mput terminal of the comparator
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CP1 1s a sum of the lower abnormal threshold voltage VLL
and the forward bias voltage ViS50 of the diode D5, 1.e.,

VLL+VIS0.

Thus, when the voltage of the non-inverting input termi-
nal Vo+VT exceeds (falls below) the voltage of the inverting
mnput terminal VLL+V130, the comparator CP1 outputs an
abnormal voltage detection signal Vs.

In order to avoid instability arises when the voltage
differential between the two mput terminals of the compara-
tor 1s very small, an intentional voltage difference 1s pro-

vided between the two input terminals produced by the bias
voltage of the diode DS.

Normally, the output voltage of the buffer amplifier OP1
1s applied to the non-inverting terminal of the comparator
CP1 through the register R1. The output voltage of the buflfer
amplifier OP1 1s a sum of the forward bias voltage Vi30 of
the diode D3 produced by the bias current provided from the
constant current source A30, for example, 500 1A, and the
lower abnormal threshold voltage VLL, 1., VLL+V130. As
noted above, the voltage at the inverting input terminal of
the comparator CP1 1s VLL+V130.

The bias current from the constant source A50 1s set, for
example, to 250 uA so that the forward bias voltage VIS0 of
the diode D35 1s smaller than the forward bias voltage VI30
of the diode D3 which receives the constant current of 500
A as above. Since the voltage VLL+V130 1s set higher than
the voltage VLL+VIS50 as 1n the foregoing, the comparator
CP1 operates 1n a stable manner.

If the voltage exceeding the voltage difference VI30-
V150 between the mnput terminals i1s applied, that is, the
diode D1 1s turned on and a current flows from the buifer
amplifier OP1 to the DUT, and the resultant voltage drop at
the non-inverting input terminal exceeds (falls below) the
voltage of the inverting input terminal VLL+V15, the com-
parator CP1 outputs the abnormal voltage detection signal

Vs to drive the switch SW1.

The high abnormal voltage detection operation i1s per-
formed 1n the manner similar to the lower voltage detection
in the foregoing. Suppose the output voltage Vo of the DUT
1s excessive so that the diode D2 turns on, the voltage Vo+V1L
1s provided to the inverting input terminal of the comparator
CP2. The voltage at the non-inverting mput terminal of the

comparator CP2 1s a difference between the upper abnormal
threshold voltage VHH and the forward bias voltage Vi60 ot

the diode DS5, 1.e., VHH-V160.

Thus, when the voltage of the mverting mput terminal
Vo+V1 becomes higher than the voltage of the non-inverting
input terminal VHH-V160, the comparator CP2 outputs an
abnormal voltage detection signal Vs.

In order to avoid instability arises when the voltage
differential between the two mput terminals of the compara-
tor 1s very small, an intentional voltage difference 1s pro-
vided between the two 1nput terminals produced by the bias
voltage of the diode D6.

Normally, the output voltage of the buffer amplifier OP2
1s applied to the mverting terminal of the comparator CP2
through the register R2. The output voltage of the builer
amplifier OP2 1s a difference between the forward bias
voltage VI40 of the diode D4 produced by the bias current
provided from the constant current source A40, for example,
500 uA, and the higher abnormal threshold voltage VHH,
1.e, VHH-V140. As noted above, the voltage at the non-
inverting input terminal of the comparator CP2 1s VHH-

V160).

The bias current from the constant source A60 1s set, for
example, to 250 uA so that the forward bias voltage V160 of
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the diode D6 smaller than the forward bias voltage Vi40 of
the diode D4 which receives the constant current of 500 uA
as above. Since the voltage VHH-V140 is set lower than the
voltage VHH-V160 as i the foregoing, the comparator CP2
operates 1n a stable manner.

If the voltage exceeding the voltage difference Vi40-
V160 between the imput terminals 1s applied, that 1s, the
diode D2 1s turned on and a current flows from DUT to the
buffer amplifier OP2, and the resultant voltage drop at the
inverting 1mput terminal exceeds the voltage of the nonin-
verting 1nput terminal VHH-V160, the comparator CP2
outputs an abnormal voltage detection signal Vs.

Thus, for example, when the output voltage Vo of the
DUT exceeds the upper threshold voltage such as 8V, the
comparator CP2 outputs the abnormal voltage detection
signal Vs. Stmilarly, when the output voltage Vo of the DUT
exceeds the lower threshold voltage such as —3V, the com-
parator CP1 outputs the abnormal voltage detection signal
Vs. Based on the detection signal Vs, the switch SW1 1s
opened to 1solate the DUT from the test system. When the
actual output waveform 1s to be observed, the switches SW2
and SW3 are set to the side-a to prohibit the clamping
operation from the excessive voltage of the DUT.

According to the present invention shown 1n FIG. 1, the
number of circuit components and circuit size are substan-
tially decreased by eliminating two buifer amplifiers and two
diodes from the conventional example of FIG. 2.

Although only a preferred embodiment 1s specifically
illustrated and described herein, it will be appreciated that
many modifications and variations of the present invention
are possible 1n light of the above teachings and within the
purview of the appended claims without departing the spirit
and mtended scope of the 1nvention.

What 1s claimed 1s:

1. A voltage protection circuit to be used 1n a semicon-
ductor test system by functioning both as an excessive
voltage clamp circuit and an abnormal voltage detection
circuit, comprising:

a switch for selecting a reference voltage out of a prede-

termined clamp voltage and a predetermined abnormal
threshold voltage;

a clamp diode connected to an output of a device under
test (DUT) to open or close the output of the DUT,;

a buffer amplifier for providing the selected reference
voltage to the clamp diode;

a resister series connected between an output of the buffer
amplifier and the clamp diode for detecting an abnor-
mal voltage 1n the output of the DUT; and

a comparator for comparing the reference voltage and an
output voltage of the DUT through the clamp diode and
generating a detection signal when the output of the
DUT exceeds the reference voltage.

2. A voltage protection circuit as defined in claim 1,
further comprising means for canceling a forward voltage of
the clamp diode so that the output voltage of the DUT 1is
clamped by the predetermined clamp voltage.

3. A voltage protection circuit as defined in claim 1,
further comprising means for canceling a forward voltage of
the clamp diode so that an abnormal voltage in the output of
the DUT 1s detected when the output voltage of the DUT
exceeds the predetermined abnormal threshold voltage.

4. A voltage protection circuit as defined i claim 1,
further comprising means for i1solating the output of the
DUT from the semiconductor test system when receiving the
detection signal from the comparator.
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5. A voltage protection circuit as defined m claim 1,
further comprising means for providing a voltage difference
between two 1nput terminals of the comparator so that the
comparator 1s not affected by noise between the two 1nput
terminals.

6. A voltage protection circuit to be used 1n a semicon-
ductor test system by functioning both as an excessive
voltage clamp circuit and an abnormal voltage detection
circuit, comprising:

a first switch for selecting a first reference voltage out of
a high predetermined clamp voltage and a high prede-
termined abnormal threshold voltage;

a second switch for selecting a second reference voltage
out of a low predetermined clamp voltage and a low
predetermined abnormal threshold voltage;

a first clamp diode connected to an output of a device

under test (DUT) to open or close the output of the
DUT;

a second clamp diode connected to the output of the DUT
to open or close the output of the DUT;

a first buffer amplifier for providing the selected reference
voltage to the first clamp diode;

a second buffer amplifier for providing the selected ret-
erence voltage to the second clamp diode;

a first resister series connected between an output of the
first buffer amplifier and the first clamp diode {for

detecting an abnormal voltage in the output of the
DUT;

a second resister series connected between an output of
the second buifer amplifier and the second clamp diode

for detecting an abnormal voltage 1n the output of the
DUT;

a first comparator for comparing the first reference volt-
age and an output voltage of the DUT through the first
clamp diode and generating a first detection signal
when the output of the DUT exceeds the first reference
voltage; and

a second comparator for comparing the second reference
voltage and an output voltage of the DUT through the
second clamp diode and generating a second detection
signal when the output of the DUT exceeds the second
reference voltage.

7. A voltage protection circuit as defined in claim 6,
further comprising means for canceling a forward voltage of
cach of the first and second clamp diodes so that the output
voltage of the DUT 1s clamped by the predetermined high or
low clamp voltage.

8. A voltage protection circuit as defined mm claim 6,
further comprising means for canceling a forward voltage of
cach of the first and second clamp diodes so that an
abnormal voltage 1n the output of the DUT 1s detected when
the output voltage of the DUT exceeds the predetermined
high or low abnormal threshold voltage.

9. A voltage protection circuit as defined 1 claim 6,
further comprising means for isolating the output of the
DUT from the semiconductor test system when receiving the
detection signal from the first or second comparator.

10. A voltage protection circuit as defined 1in claim 6,
further comprising means for providing a voltage difference
between two 1nput terminals of each of the first and second
comparators so that each of the comparators 1s not affected
by noise between the two 1nput terminals.
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